This study examined the prospect of changing PE students' naive conception (the knowledge that students possess prior to learning) of a volleyball overhand pass skill and their performance of the skill. The participants were 38 seventh grade students who took part in a 10-hour PE volleyball unit, and each completed the Naive Conception Questionnaire to rate the degree of importance of various movements (DIM) in the overhand pass and to identify technical problems in skill performance (TPI). The questionnaire was administered pre-and post-unit, and the students' own performance was alsoˆlmed at those times. The results showed that DIM scores increased signiˆcantly in the post-unit on three elements of the overhand pass. However, the overall diŠerence in TPI was not signiˆcant, despite a marked improvement in one section. This indicates that it was di‹cult to change the students' overall misconception of the skill's technical requirements. Nevertheless, when scores for DIM evaluations and TPI increased, the students' own performance also improved, but when they possessed incorrect images of the form of the hands, they performed the overhand pass more poorly than those with correct images. Future research should look at the speciˆc ways in which naive conception aŠects learning and performance among PE students, and how teaching strategies can be tailored to the individual learner.
Introduction
In recent years, attention has been given to students' information processing in physical activity contexts (Lee, 1997; Lee & Solomon, 1992 , and evidence suggests that performance is positively correlated with participants' knowledge (Rink, 2002 (Rink, , 2003 Siedentop & Tannehill, 2000) . In the competitive sport domain, two prominent investigations by Paarsalu (1980a, 1980b) showed that starting players in a college basketball team interpreted game situations more accurately than substitutes, but from a physical education (PE) perspective, the research is somewhat limited. Among the few published studies in the extant literature, Gri‹n, Dodds, Placek, and Tremino (2001) administered tests to sixth grade elementary school students to determine their degree of soccer knowledge as well as the main source of that knowledge. They noted that the majority of information came from the students' PE classes, but they also found that it was a general level of knowledge and that students were not well informed about speciˆcs such as methods of maintaining ball possession. Additional work by Blomqvist, Vanttinen, and Luhtanen (2005) examined the relationship between junior high school students' decision making in soccer games and the results of video clip tests of their understanding of various game situations. The researchers found signiˆcant correlations between the test scores and the rate of success in decision making during actual matches, and concluded that acquiring proper knowledge is an important determinant of learning to play eŠectively.
Another factor believed to play a role in students' physical activity performance is naive conception Gri‹n et al., 2001) . Naive conception refers to the system of knowledge that people possess through previous experience and activities, such as daily walking and running. It is formed prior to learning, and it aŠects students' information processing abilities (Clement, 1982; Fisher, 1985) . Naive conception is essentially a misconception of the scientiˆc concept of a skill, which students do not necessarily see as correct, and it can both facilitate and hinder learning in PE classes (Clement, 1982; Fisher, 1985) . According to Murayama (2002) , there are three characteristics of naive conception. One characteristic is spontaneously-acquired knowledge, which occurs through the student's own initiatives and not as a result of education. The second characteristic is di‹culty in changing such knowledge. At times, neither education about the scientiˆc concept of a skill nor a student's wish to learn and adopt it can override his or her naive conception. The third characteristic is recall ability, which represents the fact that a scientiˆc concept acquired through education can be forgotten over time, leaving the student's naive conception to return once again. In sport pedagogy research, these characteristics can also be found within the pedagogical paradigm of``Teaching Games for Understanding'' (see Almond, 1983; Bunker & Thorpe, 1982; Spackman, 1983) .
Generally speaking, students acquire knowledge through instruction in PE classes, and their performance improves as a result. However, recent research by Fukami and Takahashi (2003) indicates that performance improvement does not always occur, and this phenomenon can be interpreted in diŠerent ways. One possibility is that naive conception prevents students from clearly understanding and accepting the teacher's guidance. However, it is also possible that students understand what the teacher is trying to convey and put eŠort into diligent practice, but their naive conception hinders the acquisition of knowledge that could be gained from those eŠorts.
Nevertheless, it remains that if students could reconstruct the information that is presented to them during the learning process, they should be able to improve their performance of physical skills. Therefore, given the dearth of research on students' knowledge and performance in school PE settings, the aim of this study was to reveal students' naive conception of the overhand pass in volleyball and to examine the relationship between naive conception and performance. Speciˆcally, the relationship between naive conception and performance of an overhand volleyball pass skill was addressed among junior high school students in a PE volleyball unit. The overhand pass is a di‹cult skill for novices, who typically hit the ball with both hands (Endo & Shinomura, 1994) , and the probable reason for this common mistake is the in‰uence of a naive conception of the skill. For the purposes of this study, naive conception was simply deˆned as the theoretical framework that students acquire as a result of their own experiences.
Method

Participants
The initial pool of participants consisted of 48 seventh grade students (30 males, 18 females), but due to student absences and other factors that aŠected participation, complete sets of data were gathered from aˆnal sample of 38 students (24 males, 14 females). The participants took part in a 10-hour PE volleyball unit for theˆrst time, and the content of the classes was designed by the study's authors (see Figure 1) . Theˆrst author explained the aims of the classes to the students and their PE teacher, and the teacher approved the unit before its implementation.
Since this study was conducted in aˆeld setting, speciˆc technical points and related terminology during classes were left to the teacher's discretion; there was no involvement or intervention by the researchers in that regard. The terminology that was used throughout the unit to address technical problems in the overhand pass is shown in Table 1 .
Naive Conception Questionnaire
To assess the students' naive conception of the overhand pass, Ogiwara, Okade, Onizawa, and Suko (2008) developed the Naive Conception Questionnaire (NCQ). The questionnaire consisted of two sections, and both sections were completed by all 38 participants before (pre-unit) and after (post-unit) the 10-hour PE volleyball unit. Theˆrst section required students to evaluate the degree of Push the ball out (if the student holds the ball) Pay attention to the height and direction of the ball 5 6 7
Pay attention to the height and direction of the ball 8 9 ※Empty columns indicate classes without speciˆc terminology Contacting the ball at the forehead 4
Bringing the ball down to the forehead 5
Cushioning the ball with the wrists 6
Cushioning the ball with theˆngers 7
Extending theˆngers 8
Bending the elbows 9
Bending the knees 10
Interaction of the elbows and knees 11
Position of the feet 12
Contacting the ball in front of the body importance of movement (DIM) for 12 technical elements related to the overhand pass, and the importance of each element was rated on a 5-point scale from 1 (not important at all) to 5 (very important). The 12 technical elements are shown in Table 2 . The second section of the NCQ used still pictures to determine how well the students could identify technical problems during performance of the overhand pass. This was referred to as``technical problem identiˆcation'' (TPI), and examples of the pictures are provided in Figure 2 . In section 2-1, movements of the hands, arms, and elbows were addressed, while section 2-2 addressed the point of The Prospect of Changing Naive Conception and Performance in PE Students ball contact. Students selected an answer from three choices (correct, incorrect, or don't know) and were required to give the reasons for their answers. In section 2-3, they were asked to select the one picture from four consecutive still pictures that depicted the most important moment/aspect of skill performance. Once again, they also provided the reasons for their selections.
Data analysis
SPSS 11.0J statistical software was used for statistical analysis of the data. Analysis methods included t tests to compare the pre-unit and postunit means of items in the DIM evaluations and chisquared tests to compare the percentage of correct answers in TPI ratings. In addition, correlation and t-test analyses were used to address relationships between the students' own skill performance and their knowledge on the NCQ.
Skill performance was analyzed by having the students carry out an overhand pass drill on four occasions. Performance was recorded twice in the pre-unit phase and twice in the post-unit phase with a video camera from the back of the court. Analysis categories were deˆned in accordance with those of Endo and Shinomura (1994) , as shown in Table 3 . The categories included form of the hands, ball contact, elbows, knees, interaction of the elbows and knees, and the method of bringing the ball down to the forehead, and these performance categories were linked with DIM and TPI items.
Success rate was calculated by using the criteria for skill performance of the overhand pass, as outlined above, and converting performance success for each student into a score out of 100. Interobserver agreement by two judges was calculated to assure objectivity of the data. The judges were experienced volleyball players who had majored in sport pedagogy, and inter-observer agreement was 84.1z.
Results and discussion
3.1. Results of DIM evaluations and TPI Table 4 shows the means of DIM items at pre-and post-unit and reveals that the means for contacting the ball at the forehead, bringing the ball down to the forehead, and bending the elbows increased signiˆcantly from theˆrst to the second measurement. The higher post-unit mean for bringing the ball down to the forehead is of particular interest here, since previous research (Ono, Wakayoshi, Yamanami, Ozeki, & Fukumoto, 2002) has reported that the correct method for this movement is di‹cult for novices to distinguish. In this case, though, it appears that exposure to the PE volleyball unit may have played a part in modifying the students' initial naive conception about the importance of bringing the ball down to the forehead. On the other hand, there was virtually no change from pre-to post-unit in the mean for extending thê ngers, which was the lowest of all means at both measurements. Extending theˆngers is a subtle movement that usually requires a degree of expertise to detect and/or perform. Therefore, it is likely that the unit's duration was not su‹ciently long to help the students recognize the importance of this technical element. Similar reasoning can be applied to the diŠerence in mean DIM scores for position of the feet, which actually decreased from pre-to postunit. That is, the introductory nature and short duration of the volleyball unit presumably led students to focus on the hands, arms, and upper body in their conception of the overhand pass, and as a result, they did not consider foot position to the extent that experts ordinarily would.
To determine the results of TPI, t tests on the number of correct answers by the students were compared with the mean values for TPI items from pre-to post-unit. The overall mean score in the preunit was 4.61 points, and the mean in the post-unit was 4.53 points. This diŠerence was not signiˆcant (t＝.334, n.s.), which indicates that despite participation in the volleyball unit, it was di‹cult to alter the students' general or overall image of technical elements during performance of the overhand pass. Table 5 , however, provides the percentages of correct answers in TPI sections 2-1, 2-2, and 2-3, and the change from pre-to post-unit for section 2-3 in particular reveals once more that if students could be made aware of the speciˆc importance of correctly bringing the ball down to the forehead, they could form better images of the movement as a whole. By the same token, it should also be stated that the rate of correct answers in some of the pre-unit items was more than 70z, which suggests that a number of students already Dodds et al. (2001) and Gri‹n et al. (2001) , and when combined with the current results, can be taken to mean that changing students' naive conceptions should be focused on speciˆc technical weaknesses within sports skills rather than targeting the skill in its entirety. Table 6 shows that 13 students made mistakes in section 2-1 (No. 1; form of the hands) in the postunit assessment. This was an unexpected result, but the common reason for this answer was``because theˆngers opened up,'' which underlines the students' belief (or naive conception in pre-unit, misconception in post-unit) that openˆngers would result in a reduced impetus and failure of the ball to rise. Accordingly, it is clear that the students had a misconception about the form of the hands in the overhand pass and perceived the skill as a method of hitting the ball.
Relationship between DIM evaluations and students' performance
Correlation between DIM evaluations and performance in the unit
The main question that emerges from these results is how one can alter students' naive conceptions of their own performance. Figure 3 shows the relationship between DIM scores and performance of the overhand pass. Analysis of correlation revealed a lack of correlation in the pre-unit assessment (r＝.033, n.s.) but a slightly positive correlation in the post-unit (r＝.294, pº.10). This suggests that if students can acquire a scientiˆcally correct concept, performance is likely to improve. It remains unclear, however, whether performance improved because of high DIM results or whether DIM results increased due to an improvement in performance.
Correlations between the 12 tasks in the DIM evaluations and the 6 performance categories in the unit
Correlations were found between each performance category and the 12 tasks in the DIM evaluations, though some of the correlation values that increased from pre-to post-unit were not very high (see Table 7 ). In any case, positive correlations and signiˆcant diŠerences were seen for P [ had similar results, and theseˆndings suggest that students had indirectly acquired knowledge about technical elements of the skill. Furthermore, positive correlations were shown between bending the knees and bringing the ball down to the forehead, which underscores the students' understanding that diŠerent elements of performance were related to each other. 3.3. Relationship between TPI and performance 3.3.1. Correlation between TPI and performance in the unit Figure 4 shows the relationship between TPI and skill performance. A positive correlation was seen in the post-unit (r＝.413, pº.05), which was similar to that found for DIM evaluations and which suggests that the relationship became stronger through participation in the classes. Thus, students who answered correctly in the TPI ratings were able to improve their personal performance outcomes, which is consistent with Rink (2002) and Siedentop Table 8 shows the results of t tests comparing each performance category and TPI. These analyses examined whether there was a diŠerence in was a decline in performance. This indicates that incorrect recognition of the proper form of the hands hinders skill acquisition for bringing the ball down to the forehead. Overall, these results conˆrm that naive conception can both facilitate and hinder performance, which reinforces the necessity of teaching strategies that acknowledge the thought patterns of the student.
Conclusions
This research provided strong evidence of a relationship between naive conception and performance, with the mainˆndings summarized as follows. As a result of participation in the PE volleyball unit, there were improvements in students' DIM evaluations and TPI scores for bringing the ball down to the forehead. However, TPI also contained a number of misconceptions. Furthermore, when scores for DIM evaluations and TPI increased, the students' skill performance improved as well. Lastly, students who possessed incorrect images of the form of the hands performed the overhand pass more poorly than those with correct images. Theseˆndings suggest that naive conception existed among the participants and that it was a factor in both the facilitation and impairment of performance.
The new curriculum guidelines of the Japanese Ministry of Education (MEXT, 2008a (MEXT, , 2008b (MEXT, , 2009 emphasize the importance of knowledge acquisition, but questions remain about the speciˆc types of knowledge that teachers should oŠer to students and the learning outcomes that each can provide within a limited amount of time. This study has underlined the importance of knowledge in improving student performance during PE classes, and has demonstrated the need to identify the most important types of knowledge in a speciˆc content area. Future research should look further at the speciˆc mechanisms by which naive conception aŠects learning and performance among PE students and how teaching strategies can be tailored to the thoughts and conceptions of the learner.
